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ABSTRACT 


Schottky barrier solar cells (SBSC) are fabricated on <100>, 

O 

2 Q-cm, p-type silicon using an A1 ohmic contact, 50 A Cr and then 

O 

50 A Cu Schottky contact, A1 current grid, and SiO antireflection 
coating. Past research was directed towards showing the potential 
of a SBSC in solar energy conversion. The present project is de- 
signed to improve understanding of the SE.'C, improve efficiency to 
12%, and evaluate potential towards thin film silicon applications. 
Figures 4-10 summarize progress in evaluating the various vari- 

O 

ables in fabrication. At least 40 A Cr metal is necessary for a 
good fill factor but Cx* alone has too high a sheet resistance. Cu 

O 

alone gives low open circuit voltage • About 40 A Cr and 50- 

O 

60 A Cu produce the best combinatio; for high voltage, current (J) , 
and fill factor (F) . It has also been shown that removal of the 

O 

5-10 A interfacial oxide layer between silicon and Cr which grows dur- 
ing heat treatment leads to reduced V . Both the oxide and Cr are 

oc 

necessary for a high Modification of the heat treatment cycle 

changes the oxide thickness leading to modification of A 

sputtered Cu layer reduced V^^ due to Cu atom penetration into the 
silicon. <100> silicon gives higher and F than does <111> silicon. 
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Large area solar cells have lower F than small area ones. This 
shows the importance of finger design and low sheet resistance. 
Examination of substrate resistivity effects show 2 Q-cn silicon 
to give slightly higher and 0.4 Q-cm to give slightly higher 

•’sc- 

Figures 11 and 12 show results of using ”as-sawn" silicon and 
chemical polishing (only) to produce a smooth surface. Elimination 
of mechanical polishing could be a cost reducing step in final pro- 
duction procedures. The chemical polished wafers do show greatly 
improved performance over unpolished ones but more work is necessary 
to study different polishing sequences. SBSC made from Tyco sili- 
con show a 51 maximtun efficiency. More studies of the Tyco silicon 
are required for complete analysis. 

Figure 14 shows results of an activation energy study to ex- 
plore current conduction mechanisms. These preliminary results in- 
dicate that both thermal and tunneling effects exist in the SBSC fab- 

O 

ricated at Rutgers. Optical calculations by computer show that 460 A 
^^2^5 significantly better antireflection (AR) properties than 

755 A SiO. The lesser thickness of Nb20j should also lead to reduced 
absorption loss in the AR coating. A solar simulator assembled us- 
ing a variac, tungsten lamp, and water filter gives photovoltaic data 
comparable to direct sunlight illumination. 

The most significant achievements in this latest research have 
been increased fill factor (to 0.74) using baking of the vacuum system 
to remove moisture, improved understanding of the current flow mechan- 
ism, and isolation of processing variables which improve efficiency. 
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OBJECTIVE OF THE PROJECT 

The overall objective is to produce a 12% efficient 

SCHOTTKY SOLAR CELL USING ECONOMICAL SILICON AND FABRICATION 

METHODS, This is to be accomplished through optimization of 

CURRENT BY USE OF NEW AR COATINGS^ VOLTAGE BY INTERFACE 
STUDIES, AND FILL FACTOR BY DEPOSITION STUDIES, FURTHER 
STUDIES INCLUDE ENVIRONMENTAL EFFECTS, THIN EPITAXIAL SILICON 
FILMS, SURFACE EFFECTS, AND NEW SOURCES OF SILICON, 
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PLANNED ACTIVITY LAST 6 MONTHS 


I. Process Variables which Influence Solaf Cell t 

Area 

Substrate Resistivity 
Substrate Orientation 
Heat Treatment 
Deposition Procedures 
Wafer Polishing 
New AR Coatings 


II, Miscellaneous 

New Computer Programs 
Solar Simulator 
Current Mechanism Studies 
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FIGURE 4 


PROCESSING STUDY 


V I 

’^oc '^sc 
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i'RQOESS 
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r* 
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134 

CU SCHOTTKY METAL 

0,23 

11,8 

0,39 


136 

25 A Cr, then Cu 

0,46 

22,6 

0,39 

4,0 

143 

100 A Cr 

0,45 

13,3 

0,40 

2,4 


INTERFACE STUDY 

NoREIAU Vqj. = 0,45-0,53 

123 t 124 Re-etch after ^ 0 

HEATING 

126 & 127 As ABOVE, THEN 0,45 

RE-HEAT 
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FIGURE 5 


EFFECT OF ADDITIONAL OXIDE BETWEEN 
SCHOnKY METAL AND SILICON 


Sample 

Additional 

Oxide 

Area 

(CM^) 

^0 

(mA) 


V 

141 

18 A E 

0.67 

0,055 

8 

0.23 

142 

31 A E 

3.0 

0.050 

1.6 

0.20 

144 

12 A G 

2.7 

0,092 

0.88 

0.17 

146 

22 A G 

3.3 

0.022 

0,14 

0.14 


E - Evaporated SrO^ thickness measured 
6 - Grown in O 2 a 620°C^ thickness estimated 


555 



FIGURE 6 


EFFECT OF HEAT TREATMENT 




ON PERFORMANCE 




Sample 

Heat Cycle 

lo 

(mA) 

(mA/cm^) 

V 

(V) 

F 

^>0 , 

147 

Standard* 

0.012 

18.4 

0.40 

0.62 

4,6 

148 

Inc, N 2 

0.003 

17.8 

0.48 

0.37 

3.2 

149 

Soak a 620OC 

FOR 2 MIN. 

0.0015 

17.7 

0.50 

0.25 

2.2 

150 

300-650OC 

0.34 

27.2 

0.5! 

0.48 

6.65 


•Standard - Ramp from 25°C to 620°C in air with light N 2 flow. 

Cool to 300°C and remove from furnace. 

NOTE: Eliminating N 2 or replacing with A^ gives no significant change. 


556 



FI 

EFFECT OF SPUTTER I 
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FIGURE 11 


miCAL POLISHING STUDY 

Study the Fabrication or Schottky Solar Cells 
USING "As-Sawn" Silicon and Chemical Polishing 
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FIGURE 14 

ACTIVATION ENERGY 
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FIGURE 16 


mS CELlANEOUS 

1. A SOLAR SIMULATOR HAS BEEN ASSEMBLED USING A TUNGSTEN LAMPi 
VARIAC^ a*:d water Filter. Results compare favorably with 
DIRECT Sli I data, 

2, EPITAXIAL LAYER (2iI~CK> ON 0,001 SUBSTRATE GIVES 

A 50% LOW CURRENT. 


Summer Research Participants 

B, Lalevic, Associate Investigator 
A. Delahoy 

S. Vernon 
K. Ng 

P, Mathe 

T, POON 
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FIGURE 17 


SUmARY OF KEY RESULTS 

o 

1. Cr Schottky metal of 40-50 A is best. 

2. The oxide interface gives high 

3. An interface of 5-12 A is probable, 

4. Heat treatment from 300-650°C gives high 

5. Sputtered Schottky conductive metal gives low 

6. <100> GIVES BETTER J & F THAN 

7. 0,4n-CM GIVES HIGHER J. 

2 fi-CM GIVES HIGHER Vq^. 

8. Tyco silicon produces a promising Schottky solar cell. 

9. Activation energy studies may lead to answers about the con- 
duction MECHANISM. 

10, NB2% ^^2% PROMISING ANTIREFLECTION IMPROVEMENTS. 

11, A SIMPLE SOLAR SIMUUTOR GIVES RESULTS COMPARABLE TO SUNLIGHT 

illumination. 

12, F » 0,74 HAS BEEN ACHIEVED USING VACUUM SYSTEM BAKING PRIOR TO 
EVAPORATION. 
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FIGURE 18 


MAJOR PROBLEMS 


1, Understanding the conduction mechanisms and role of the 

INTERFACIAL LAYER. 

2, Reproducibility of sheet resistance values from run to run. 

3, Simultaneously achieving high and 



FIGURE 19 


PLANNED ACTIVITY FOR NEXT 6 MONTHS 


1. Begin studies of epitaxial uyerSi 

2. Expand electronic testing to identify current flow mechanisms. 
5, Conduct microscopic study of silicon surface and interface. 

4, Optimize the fabrication process, 

5, Expand computer studies. 

6, Study new AR coatings, 

7, Send sour cells to NASA Lewis for testing, 

8, Initiate environmental testing and life studies, 

9, Continue fabrication of Schottky sour cells using new silicon 
sources (if avaiuble). 
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FIGURE 20 


PLANNED RENEWAL REQUESTS 


Major Goals 

1. Achieve 15X efficiency on single crystal silicon. 

2. Achieve 62 efficiency on thin film polycrystalline silicon 


Personnel 

Associate Investigator in Physics 
Associate Investigator in Materials Science 
Three Research Assistants 


Date 

June h 1976 - May 31, 1977 


Cost 

$40,000 
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